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*HRPHWULFDO3URGXFW6SHFLILFDWLRQFRRUGLQDWHPHDVXULQJPDFKLQHVYHULILFDWLRQ
,QWURGXFWLRQ
,Q UHFHQW WLPHV LQWHQVLYH VWDQGDUGL]DWLRQ DFWLYLWLHV
FRQFHUQLQJVWDQGDUGVRQWKHJHRPHWULFDOSURGXFWVSHFLILFDWLRQ
*36FDQEHREVHUYHG7KHDLPRIWKHVHDFWLYLWLHVLVWROLPLW
WKH DPELJXRXVQHVV LQ GHILQLQJ WKH UHTXLUHPHQWV IRU
PDQXIDFWXULQJDFFXUDF\RIPDFKLQHSDUWV
,QWHQVLYH GHYHORSPHQW RI FRRUGLQDWHPHDVXULQJ WHFKQLTXH
DQG WKH VWDQGDUGL]HG SURFHGXUHV RI YHULILFDWLRQ DQG
DFFHSWDQFH WHVWV IRU FRRUGLQDWH PHDVXULQJ V\VWHPV FDQ
UHFHQWO\EHQRWLFHGWRR
2QH RI WKH NH\ HOHPHQWV LQIOXHQFLQJ WKH DFFXUDF\ RI DOO
FRRUGLQDWHPHDVXULQJ V\VWHPV¶GHVLJQVROXWLRQVLV WKHSURSHU
RSHUDWLRQ RI WKH VRIWZDUH 6R IDU WKHUH H[LVWV RQO\ RQH ,62
VWDQGDUG GHDOLQJ ZLWK WKH VRIWZDUH >@ ,W LV FRQFHUQHG ZLWK
FRUUHFW IXQFWLRQLQJ RI JHRPHWULFDO IHDWXUHV ILWWLQJ
DVVRFLDWLRQ DOJRULWKPV WR VHWV RI SRLQWV EXW RQO\ IRU OHDVW
VTXDUHV*DXVVLDQFULWHULRQ
7KH VRIWZDUH IRU HYDOXDWLRQ RI UHVXOWV RI FRRUGLQDWH
PHDVXUHPHQWV LV YHU\ FRPSOH[ %HVLGH WKH IXQFWLRQV IRU
DVVRFLDWLRQ RI JHRPHWULFDO IHDWXUHV WR SRLQW VHWV LW KDV DOVR
RWKHU IXQFWLRQV IRU HJ TXDOLILFDWLRQ RI VW\OL FDOFXODWLRQ RI
FRPPRQ GDWXPV DQG GDWXP V\VWHPV RU HYDOXDWLRQ RI
JHRPHWULFDOFKDUDFWHULVWLFVIRUPHDVXUHGZRUNSLHFHV
1RPHQFODWXUH
$&6 DQ\FURVVVHFWLRQ
$/6 DQ\ORQJLWXGLQDOVHFWLRQ
&00 FRRUGLQDWHPHDVXULQJPDFKLQH
( HQYHORSHUHTXLUHPHQW
*& PLQPD[DVVRFLDWLRQFULWHULD
** OHDVWVTXDUHV*DXVVLDQDVVRFLDWLRQFULWHULRQ
*1 PLQLPXPFLUFXPVFULEHGDVVRFLDWLRQFULWHULRQ
*36 JHRPHWULFDOSURGXFWVSHFLILFDWLRQ
*; PD[LPXPLQVFULEHGDVVRFLDWLRQFULWHULRQ
/3 WZRSRLQWVL]H
6$ DYHUDJHVL]H
6&6 VSHFLILFIL[HGFURVVVHFWLRQ
6' PLGUDQJHVL]H
61 PLQLPXPVL]H
60 PHGLDQVL]H
65 UDQJHRIVL]HV
64 TXDGUDWLFUDQJHRIVL]HV
6; PD[LPXPVL]H
© 2016 The Authors. Published by Elsevier B.V.  This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the 14th CIRP Conference on Computer Aided Tolerancing
304   Wojciech Płowucha et al. /  Procedia CIRP  43 ( 2016 )  303 – 308 
7KHVRIWZDUHGHYHORSHUVPXVWHQVXUHWKHVRIWZDUHLVXVHU
IULHQGO\%XWEHFDXVHRIODUJHQXPEHURIIXQFWLRQVLWSURYLGHV
WKH GHYHORSHUV KDYH WR ORRN IRU FRPSURPLVH EHWZHHQ WKH
³XVHUIULHQGOLQHVV´ DQG LWV SRVVLELOLWLHV VXSSRUWLQJ SURSHU
UHDOL]DWLRQRIVRFDOOHGSHUIHFWYHULILFDWLRQRSHUDWRU>@7KH\
DOVRKDYHWRIROORZWKHIUHTXHQWXSGDWHVLQWKH*36VWDQGDUGV
$ JRRG NQRZOHGJH RQ WKH SULQFLSOHV DQG WRROV IRU SURSHU
YHULILFDWLRQRISURGXFWV¶JHRPHWU\LVQHFHVVDU\RQHYHU\VWDJH
RI SURGXFW GHYHORSPHQW GHVLJQ PDQXIDFWXULQJ DQG
LQVSHFWLRQ 7KH DXWKRUV DUH WKH LQLWLDWRUV RI WKH (XURSHDQ
SURMHFW XQGHU (UDVPXV SURJUDP DLPLQJ WR GHYHORS
FXUULFXOXP DQG GLGDFWLFPDWHULDOV IRU WUDLQLQJ LQ WKH ILHOG RI
JHRPHWULFDOSURGXFWVSHFLILFDWLRQDQGYHULILFDWLRQ>@
7KLVSXEOLFDWLRQSUHVHQWV ILUVWUHVXOWVRIDQDO\VLVRI XSWR
GDWH SRVVLELOLWLHV IRU SURSHU HYDOXDWLRQ RI FRRUGLQDWH
PHDVXUHPHQW UHVXOWV ZLWK XVH RI IXQFWLRQV SURYLGHG LQ WKH
&00VRIWZDUH1H[W VHFWLRQVLQFOXGHH[DPSOHVRI IXQFWLRQV
DYDLODEOHLQWKHVRIWZDUH³&DO\SVR´VXSSOLHGE\=HLVV
7KHFXUUHQWVLWXDWLRQLQWKHJHRPHWULFDOSURGXFW
VSHFLILFDWLRQ
7KH EDVLF JHRPHWULF FKDUDFWHULVWLFV DUH JHRPHWULF
GHYLDWLRQVWROHUDQFHV DQG GLPHQVLRQV RI WKH PHFKDQLFDO
ZRUNSLHFHV *HRPHWULFDO GHYLDWLRQV DUH H[SUHVVO\PHQWLRQHG
LQ IURQW RI WKH GLPHQVLRQV EHFDXVH DFFRUGLQJ WR WKHPRGHUQ
DSSURDFK RI*36 WKH WROHUDQFHG GLPHQVLRQV VKRXOG RQO\ EH
XVHG IRU IHDWXUHV RI VL]H >@7KH IHDWXUHV RI VL]HDUH VKDIWV
DQGKROHVDVGHILQHGLQ,62QDPHO\F\OLQGULFDOHOHPHQWV
RUSDLUVRISDUDOOHOSODQHV
'LPHQVLRQV
7KH PHDVXUHPHQW VWUDWHJ\ IRU D GLPHQVLRQ GHSHQGV RQ
SDUWLFXODULQWHUSUHWDWLRQRIWKHGLPHQVLRQ>@
7KH PRVW LPSRUWDQW W\SHV RI GLPHQVLRQV DUH GHSLFWHG RQ
)LJ%HVLGHVWKHGLPHQVLRQW\SHVIURP)LJWKHVWDQGDUG
>@ LQFOXGHV UDUHO\ XVHG LQ SUDFWLFH ORFDO VL]H GHILQHG E\ D
VSKHUH /6 FLUFXPIHUHQFH GLDPHWHU && DUHD GLDPHWHU
&$DQGYROXPHGLDPHWHU&9
%DVLF LQWHUSUHWDWLRQ RI VL]H LV ORFDO WZRSRLQW VL]H 6XFK
LQWHUSUHWDWLRQ GRHV QRW UHTXLUH VSHFLDO GHVLJQDWLRQ )LJ D
KRZHYHULW¶VSRVVLEOHWRXVHWKH/3PRGLILHUHVSHFLDOO\LIWKH
WZRSRLQW VL]H LV DSSOLHG RQO\ IRU RQH RI WKH WZR VSHFLILHG
OLPLWV )LJ E 7KH GHIDXOW LQWHUSUHWDWLRQ RI GLPHQVLRQ DV
WZRSRLQW VL]HDOVRDSSOLHV WR WKHGLPHQVLRQVWROHUDQFHGZLWK
WROHUDQFHFODVV )LJF ,QUHVSHFW WRYHULILFDWLRQRISURGXFW
JHRPHWU\ LW PHDQV WKDW WKH PHDVXUHG WZRSRLQW VL]H LQ DQ\
SODFH RIPHDVXUHG HOHPHQW LV WR EHZLWKLQ WROHUDQFH ]RQH RI
WKHGLPHQVLRQ
2WKHU LQWHUSUHWDWLRQ RI VL]H YHU\ RIWHQ DSSOLHG LV JOREDO
VL]H XQGHUVWRRG DV VL]H RI IHDWXUH FDOFXODWHG ZLWK RQH RI
IROORZLQJ DVVRFLDWLRQ FULWHULD *DXVVLDQ ** )LJ D
PD[LPXPLQVFULEHG *; )LJ EPLQLPXPFLUFXPVFULEHG
*1)LJERUPLQLPD[*&,QUHVSHFWWRWKHYHULILFDWLRQ
RI WKH SURGXFW JHRPHWU\ LW PHDQV WKDW WKH PHDVXUHG JOREDO
GLPHQVLRQWKHUHLVRQO\RQHVXFKGLPHQVLRQLVWROLHZLWKLQ
WKHGLPHQVLRQWROHUDQFH


)LJ&ODVVLILFDWLRQRIGLPHQVLRQVDFFRUGLQJWR,62**±OHDVW
VTXDUHVVL]H*;ۛPD[LPXPLQVFULEHGVL]H*1ۛPLQLPXPFLUFXPVFULEHG
VL]H*&ۛPLQLPD[VL]H6&6ۛVSHFLILFFURVVVHFWLRQ$&6ۛDQ\FURVV
VHFWLRQ$/6ۛDQ\ORQJLWXGLQDOVHFWLRQ

)LJ([DPSOHVRIORFDOWZRSRLQWVL]HV>@DOOWZRSRLQWVL]HVDUHWREH
ZLWKLQWROHUDQFH]RQHEDOOWZRSRLQWVL]HVDUHWREHJUHDWHUWKDQPP
DQGPLQLPXPFLUFXPVFULEHGVL]HRIF\OLQGHULVWREHVPDOOHUWKDQPPF
DOOWZRSRLQWVL]HVDUHWREHEHWZHHQXSSHUDQGORZHUOLPLWRIWKHGLPHQVLRQ
WROHUDQFHGE\V\PEROVKLHDQGPP

)LJ([DPSOHVRIJOREDOGLPHQVLRQV>@D*DXVVLDQJOREDOGLPHQVLRQ
F\OLQGHUGLDPHWHULVWROD\EHWZHHQXSSHUDQGORZHUOLPLWRIWKHGLPHQVLRQ
WROHUDQFHGE\V\PEROVKLHDQGPPEPLQLPXP
FLUFXPVFULEHGVL]HGLDPHWHURIF\OLQGHUDSSOLHVWRWKHXSSHUOLPLWRIVL]HLW
LVWREHVPDOOHUWKDQPPPD[LPXPLQVFULEHGVL]HGLDPHWHURI
F\OLQGHUDSSOLHVWRWKHORZHUOLPLWRIVL]HLWLVWREHODUJHUWKDQPP
,QFDVHRIHQYHORSH UHTXLUHPHQW PRGLILHU ( VHH)LJ
WKH YHULILFDWLRQ RI WKH SURGXFW JHRPHWU\ SUDFWLFDOO\ FRQVLVWV
RQ VLPXOWDQHRXV FKHFN IRU IXOILOOLQJ WKH WZR UHTXLUHPHQWV
PHQWLRQHG DERYH >@ ,Q SUDFWLFH LW PHDQV WKDW LQ FDVH RI
VKDIWV DOO ORFDO VL]HV VKDOO EH ODUJHU WKDQ ORZHU OLPLW RI VL]H
//6 DQG PHQWLRQHG JOREDO VL]H *; VKDOO EH VPDOOHU WKDQ
XSSHU OLPLWRI VL]H8/6 ,QFDVHRIKROHV ORFDO VL]HVVKDOOEH
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VPDOOHUWKDQXSSHU OLPLWRI VL]H8/6DQG WKHJOREDO VL]H*1
VKDOOEHODUJHUWKDQORZHUOLPLWRIVL]H//6

)LJ([DPSOHRIGLPHQVLRQZLWKHQYHORSHUHTXLUHPHQW>@
7KHUH DUH DOVR GLPHQVLRQ LQWHUSUHWDWLRQV UHODWLQJ WR
VHFWLRQV VHFWLRQ VL]H RU IUDJPHQWV SRUWLRQ VL]H RI WKH
ZRUNSLHFH ,Q VXFK FDVHV LW LV DOVR ORFDO VL]H EXW WKLV
GLPHQVLRQ PD\ EH HLWKHU D WZRSRLQW VL]H RU VL]H RI WKH
DVVRFLDWHG IHDWXUH $VVRFLDWHG IHDWXUH PD\ DSSO\ WR VLQJOH
FURVVVHFWLRQLQFDVHRIF\OLQGHUVXFKFURVVVHFWLRQPD\EHD
FLUFOH RU D SDLU RI WKH F\OLQGHU JHQHUDWUL[ RU D IUDJPHQW RI
ZKROH PHDVXUHG IHDWXUH LQ FDVH RI F\OLQGHU LW PD\ EH D
F\OLQGHU RI VKRUWHU OHQJWK RU IUDJPHQW RI F\OLQGHU¶V VXUIDFH
,QVSHFLDOFDVHVWKHVHFWLRQVL]HVDQGSRUWLRQVL]HVPD\DSSO\
RQO\ WR LQGLYLGXDO LGHQWLILHG VHFWLRQ RU SRUWLRQ RI WKH
ZRUNSLHFH )RU LQGLFDWLRQ RI VHFWLRQ VL]H WKHPRGLILHUV6&6
$&6 DQG $/6 DUH XVHG IRU LQGLFDWLRQ RI SRUWLRQ VL]H WKH
OHQJWK RI IHDWXUH LV VWDWHGZLWK YDOXH RU UDQJH RI DSSOLFDWLRQ
ZLWKXVHRIPRGLILHU³l´)LJDQG

)LJ([DPSOHVRIVHFWLRQVL]H>@DGLDPHWHURI*DXVVLDQFLUFOHDWDQ\
FURVVVHFWLRQ$&6LVWROD\EHWZHHQWKHOLPLWVRIVL]H±PP
EDOOWZRSRLQWVL]HVLQWKHFURVVVHFWLRQPPIURPWKHHQGRIWKHVKDIW
VKDOOEHZLWKLQWKHWROHUDQFH]RQHPRGLILHU³VSHFLILFFURVVVHFWLRQ´6&6LV
DGGHGWRSRLQWRXWWKDWWKHWKHRUHWLFDOH[DFWGLPHQVLRQ³´DSSOLHVQRWRQO\
WRWKHSRVLWLRQRIWKHKROH

)LJ([DPSOHVRISRUWLRQVL]H>@DWKHHQYHORSHUHTXLUHPHQW(±
PPDSSOLHVWRDQ\UHVWULFWHGOHQJWKRIPPWZRSRLQWVL]HVODUJHU
WKDQPPVL]HRIFLUFXPVFULEHGF\OLQGHUVPDOOHUWKDQPPE
WZRSRLQWVL]HVRQWKHIUDJPHQWEHWZHHQ$DQG%WROD\ZLWKLQWKHUDQJH
±PP
)RU DOO WKH ORFDO VL]HV WKH VSHFLILFDWLRQ PD\ FRQWDLQ
UHTXLUHPHQWVUHODWLQJWRWKHYDULRXV³VWDWLVWLFV´RIWKHVHVL]HV
7KHVH DUH VR FDOOHG ³UDQNRUGHU VL]HV´ ZKLFK FDQ EH
PD[LPXPVL]H 6;PLQLPXPVL]H 61DYHUDJHVL]H 6$
PHGLDQ VL]H 60PLGUDQJH VL]H 6' UDQJH RI VL]HV 65
DQG VWDQGDUG GHYLDWLRQ RI VL]HV 64 IRU WKH ODVW WZR EHWWHU
WHUP LV ³UDQNRUGHU FKDUDFWHULVWLFV´ ,Q VXFK FDVH SDUWLFXODU
UDQNRUGHUVL]HVEHFRPHLQGLUHFWJOREDOVL]HVZKLFKLQUHVSHFW
WRSURGXFWYHULILFDWLRQPHDQV WKDWWKHWROHUDQFH LVDSSOLHGWR
WKHUDQNRUGHUVL]HQRWWRWKHORFDOVL]HVFDOFXODWHGIURPWKH
SDUWLFXODUORFDOVL]HVZKLFKVKRXOGOLHZLWKLQXSSHUDQGORZHU
OLPLWVRIVL]H)LJDQG)LJ

)LJ([DPSOHRIUDQNRUGHUVL]HV>@WKHXSSHUDQGORZHUOLPLWRIVL]H
цDSSO\WRPLGUDQJHVL]HRIWKHWZRSRLQWVL]HYDOXHVWKHOLPLW
DSSOLHVWRWKHVL]HUDQJHRIWZRSRLQWYDOXHV

)LJ([DPSOHRIUDQNRUGHUVL]HUDQJHRIVL]HVFRQFHUQLQJVHFWLRQVL]HV
$&6DQ\FURVVVHFWLRQDQG$/6DQ\ORQJLWXGLQDOVHFWLRQXVLQJ
³LQWHUVHFWLRQSODQH´PRGLILHUV>@UDQJHRIZDOOWKLFNQHVVPHDVXUHGLQWZR
SRLQWPDQQHULQWKHSODQHFURVVVHFWLRQVSHUSHQGLFXODUWRWKHD[LVRIWKHKROH
%PD\QRWH[FHHGPPDQGWKHUDQJHRIWKHZDOOWKLFNQHVVPHDVXUHGLQ
WZRSRLQWPDQQHULQWKHSODQHFURVVVHFWLRQVDORQJWKHD[LVRIWKHKROH%PD\
QRWH[FHHGPP
*HRPHWULFDOWROHUDQFHV
6WDQGDUGV IRU JHRPHWULFDO WROHUDQFHV >@ SURYLGH PDQ\
WRROV IRU XQDPELJXRXV VSHFLILFDWLRQ RI JHRPHWU\ RI SURGXFWV
DQGLWRQO\GHSHQGVRQWKHGHVLJQHUVLIWKH\DUHXVHGSURSHUO\
*HRPHWULFDO WROHUDQFHV DUH GLYLGHG LQWR IRXU JURXSV ±
WROHUDQFHV RI IRUP RULHQWDWLRQ ORFDWLRQ DQG UXQRXW
7ROHUDQFHVRIIRUPDSSO\WRMXVWRQHIHDWXUHRWKHUWROHUDQFHV
UHTXLUH DW OHDVW WZR IHDWXUHV 7KH GDWXPV PD\ EH LQWHJUDO
DVVRFLDWHG IHDWXUHV GHIDXOWV DUH WDQJHQWLDO IHDWXUHV RI WKH
DFWXDOVXUIDFHVIRURSSRVLWHSODQHVRUVWUDLJKWOLQHVPLQLPXP
FLUFXPVFULEHG IRU RXWHU F\OLQGHUV RU FLUFOHV RU PD[LPXP
LQVFULEHGIRULQQHUF\OLQGHUVRUFLUFOHVRUGHULYHGDVVRFLDWHG
IHDWXUHV D[HV RU V\PPHWU\ SODQHV ZKLFK PD\ EH
XQDPELJXRXVO\H[SUHVVHGRQWKHGUDZLQJE\SURSHUSODFLQJRI
WKH WROHUDQFH IUDPH OHDGHURUXVLQJ WKHPRGLILHU $ PHGLDQ
IHDWXUHLQWKHQGWROHUDQFHIUDPHFRPSDUWPHQW>@7KHWHUP
³FRPPRQ GDWXP´ >@ SURYLGHV SRVVLELOLW\ WR GHILQH GDWXPV
IURP WZR RU PRUH IHDWXUHV 7KH ³GDWXP WDUJHWV´ >@ FDQ EH
XVHGLQFRRUGLQDWHPHDVXULQJWHFKQLTXHWRVLPXODWHIL[LQJWKH
ZRUNSLHFHLQWKHIL[WXUH7KHPRGLILHU&=SURYLGHVSRVVLELOLW\
WR DSSO\ WKH JHRPHWULFDO WROHUDQFH VLPXOWDQHRXVO\ WR VHYHUDO
VHSDUDWHIHDWXUHVSODQHVD[HVWRFUHDWHDFRPELQHG]RQH
,WLVZRUWKWRPHQWLRQWKDWDFFRUGLQJWR,62WKH]RQH
RI ORFDWLRQ WROHUDQFH LQFOXGHV IRUP GHYLDWLRQV DV ZHOO DV
RULHQWDWLRQ GHYLDWLRQV RI WKH WROHUDQFHG IHDWXUH DQG WKH ]RQH
RIRULHQWDWLRQWROHUDQFHLQFOXGHVIRUPGHYLDWLRQV
3RVVLELOLWLHVDQGFRUUHFWQHVVRIIXQFWLRQVRIWKH&00
VRIWZDUH
0HDVXUHPHQWVRIVL]H
7KHEDVLFJHRPHWULFDOIHDWXUHVPHDVXUHGLQWKHFRRUGLQDWH
PHDVXULQJ WHFKQLTXH DUH VXUIDFHV SODQH F\OLQGHU VSKHUH
FRQH 6RPH SUREOHPV RFFXU LQ PHDVXUHPHQW RI FXUYHV
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FLUFOH VWUDLJKW OLQH HOOLSVH DQG PRVW GLIILFXOW WR PHDVXUH
FRUUHFWO\DUHSRLQWVGXHWRWKHSUREOHPVZLWKFRUUHFWLRQRIWKH
VW\OXVWLSUDGLXV7KLVZDVRQHRIWKHUHDVRQVZK\LQWKHSDVW
&00 VRIWZDUH GLG QRW LQFOXGH IXQFWLRQV IRU WZRSRLQW
PHDVXUHPHQWV ZKLFK DUH W\SLFDO IRU FRQYHQWLRQDO
PHDVXUHPHQWWHFKQLTXHV+RZHYHULWWXUQHGRXWWKDWWKHUHLVD
QHHG IRUFRPSDUDELOLW\RIPHDVXUHPHQWVFDUULHGRXWZLWKXVH
RI FODVVLFDO GHYLFHV HJ OHQJWKPHWHUV PLFURPHWHUV GLDO
JDXJHVHWFDQGFRRUGLQDWHPHDVXULQJPDFKLQHV
7KH VPDOOHVW SUREOHP LQ WKH FRRUGLQDWH PHDVXUHPHQWV LV
PHDVXUHPHQW RI JOREDO VL]H 7KH UHVXOW RI PHDVXUHPHQW RI
JHRPHWULF IHDWXUHV VXFK DV F\OLQGHU DQG VSKHUH LV WKH VL]H
GLDPHWHURIWKHDVVRFLDWHGIHDWXUH+RZHYHURQHKDVWRNHHS
LQ PLQG WKDW SULRU WKH PHDVXUHPHQW WKH DVVRFLDWLRQ FULWHULD
PXVWEHVHWWKHGHIDXOWLVXVXDOO\*DXVVLDQFULWHULRQ
0RUHWURXEOHFDXVHVPHDVXUHPHQWRIIHDWXUHLQWKHIRUPRI
D SDLU RI SDUDOOHO SODQHV 2QO\ WKH PRUH DGYDQFHG VRIWZDUH
ODWHVW YHUVLRQV LQFOXGHV SURSHU WRROV IRU WKLV FDVH )RU
H[DPSOH LQ FDVH RI &DO\SVR VRIWZDUH Y  >@ WKHUH LV D
VSHFLDO IXQFWLRQ ³6\PPHWU\ 3ODQH´ ZKLFK HQDEOHV
SHUIRUPLQJWKHVL]HPHDVXUHPHQWLQDFFRUGDQFHZLWKWKHUXOHV
RI ,62 VWDQGDUGV 7R JHW WKH FRUUHFW UHVXOW WKH DSSURSULDWH
DVVRFLDWLRQFULWHULRQIRUWKHSDLURISDUDOOHOSODQHVPXVWEHVHW
³2XWHU WDQJHQWLDO HOHPHQW´ RU ³,QQHU WDQJHQWLDO HOHPHQW´
GHSHQGLQJZKHWKHUPHDVXUHPHQW LVDSSOLHG WR WKLFNQHVV RI D
ZDOORUWKHZLGWKRIDVORW)LJ+RZHYHUDSSO\LQJE\WKH
RSHUDWRU IXQFWLRQ ³&DUWHVLDQ GLVWDQFH´ LQ UHJDUGV WR WZR
SODQHV PHDVXUHG VHSDUDWHO\ QRW DV ³V\PPHWU\ SODQH´
IHDWXUH OHDGV WR LQFRUUHFW DQG DPELJXRXV UHVXOW ZKLFK
GHSHQGVRQWKHRUGHURIWKHSODQHVXVHGLQWKLVIXQFWLRQ)LJ


)LJ&DO\SVR³6\PPHWU\3ODQH´IXQFWLRQZLWKVHOHFWLRQRIDVVRFLDWLRQ
FULWHULRQ
8VXDOO\ WKHUH DUH QR SUREOHPV ZLWK PHDVXUHPHQWV RI
VHFWLRQVL]H LQFDVH WKHFURVVVHFWLRQLVDFLUFOHDQGSRUWLRQ
VL]H IRUF\OLQGULFDO IHDWXUHV ,Q WKH ILUVWFDVHRQHFDQXVH WKH
IXQFWLRQ ³PHDVXUH FLUFOH´ DQG LQ WKH VHFRQG ³PHDVXUH
F\OLQGHU´6RPHWURXEOHPD\RFFXULQPHDVXUHPHQWRIVHFWLRQ
VL]HRISODQDUVXUIDFHVEHFDXVH WKHFURVVVHFWLRQJLYHVDSDLU
RISDUDOOHOOLQHV

)LJ&DO\SVR³&DUWHVLDQGLVWDQFH´DSSOLHGWRSODQHV
7KHIXQFWLRQ³PHDVXUHFLUFOH´LQ&DO\SVRKDVSRVVLELOLW\WR
JHQHUDWHDSDWKIRUSURELQJWKHFLUFOHLQXQLIRUPO\GLVWULEXWHG
SRLQWVDQGFDOFXODWHIHDWXUHDFFRUGLQJWRDQ\RIWKHPHQWLRQHG
FULWHULD $GGLWLRQDOO\ WKHUH LV IXQFWLRQ ³ SRLQW GLDPHWHU´
DYDLODEOH ZKLFK LQ UHVXOW JLYHV  YDOXHV RI GLDPHWHU
PD[LPXP DQG PLQLPXP ZLWK RSWLRQDO FRQVLGHUDWLRQ RI (
00&&RQGLWLRQRU OLPLWLQJWKHDQJXODUUDQJH )LJ7KH
IXQFWLRQZRUNVIRUHYHQQXPEHURISURELQJSRLQWVDQGIRURGG
QXPEHU RI SRLQWV EXW JUHDWHU WKDQ 7KH VRIWZDUH VXSSOLHU
GRHV QRW SURYLGH WKH GHVFULSWLRQ RI WKH DOJRULWKP ± WKH KHOS
V\VWHP >@ IRU WKLV IXQFWLRQ LQFOXGHV MXVW D EULHI VHQWHQFH
³)RU WKH FLUFOH ILWWHG DFFRUGLQJ WR*DXVV WKHPD[LPXP DQG
PLQLPXPGLVWDQFHEHWZHHQ WKHSRLQWVRSSRVLWH WRHDFKRWKHU
ZLOO EH FDOFXODWHG´ 7KHUH LV QR LQIRUPDWLRQ RQ KRZ WKH
GLPHQVLRQLVFDOFXODWHGLIGXHWRHJOLPLWHGDFFXUDF\RIWKH
&00SRVLWLRQLQJWKHSRLQWVDUHQRWORFDWHGH[DFWO\RSSRVLWH
WRHDFKRWKHULVWKHUHDFRUUHFWLRQDSSOLHGRUVRPHDOORZDQFH
IRUZKLFKWKHHUURULVLQVLJQLILFDQW


)LJ&DO\SVRGLDORJIRU³SRLQWGLDPHWHU´ZLWKFKRVHQRSWLRQ³(00&
&RQGLWLRQ´IRULQQHUF\OLQGHU³0LQLPXP´YDOXHLVPLQLPXPFLUFXPVFULEHG
GLDPHWHUDQG³0D[LPXP´YDOXHLVODUJHVWWZRSRLQWGLDPHWHU
)LJ  SUHVHQWV UHVXOW RI H[DPSOH PHDVXUHPHQWV RI D
F\OLQGULFDOKROHZLWKQRPLQDO GLDPHWHU PP7KHSURELQJ
VWUDWHJ\ FRQVLVWV RI  VHFWLRQV ZLWK  SURELQJ SRLQWV HDFK
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'LDPHWHUV IRU *DXVVLDQ DQGPD[LPXP LQVFULEHG DVVRFLDWHG
F\OLQGHUVZHUHFDOFXODWHG6LPLODUHYDOXDWLRQZDVFDUULHGRXW
IRU SDUWLFXODU VHFWLRQV E\ ILWWLQJ FLUFOHV ZLWK WKH VDPH
FULWHULRQV $GGLWLRQDOO\ PD[LPXP DQG PLQLPXP WZRSRLQW
VL]HVZHUHFDOFXODWHGIRUF\OLQGHUDQGVHFWLRQFLUFOHV

)LJ7KHUHVXOWVRIKROH¶VGLDPHWHUPHDVXUHPHQWZLWKDSSOLFDWLRQRI
GLIIHUHQWILWWLQJFULWHULDDQGW\SHVRIVL]H**±OHDVWVTXDUHVVL]H*;ۛ
PD[LPXPLQVFULEHGVL]H/3±WZRSRLQWVL]H
7KH FKDUW IURP )LJ  UHYHDOV VLJQLILFDQW GLIIHUHQFHV
EHWZHHQWZRSRLQWVL]HVDQGOHDVWVTXDUHVL]H7KHGLIIHUHQFH
EHWZHHQ PLQLPXP WZRSRLQW VL]H DQG PD[LPXP LQVFULEHG
VL]HDUHLQVLJQLILFDQW
(YDOXDWLRQ RI RWKHU W\SHV RI UDQNVL]HV EHVLGH PLQLPXP
DQGPD[LPXP VL]H UHTXLUHV VRPH SURJUDPLQJ HIIRUWV EXW LV
SRVVLEOHZLWKXVHRIEDVLFPDWKHPDWLFDOIXQFWLRQVDYDLODEOHLQ
IXQFWLRQ³5HVXOW´)LJ


)LJ&DO\SVR³5HVXOW(OHPHQW´IRUGHILQLQJHYDOXDWLRQDFFRUGLQJWRXVHU
IRUPXODH
0HDVXUHPHQWVRIJHRPHWULFDOGHYLDWLRQV±RSWLPDO
YHULILFDWLRQRSHUDWRUV
7KH VWDQGDUG ,62  >@ SURYLGHV GHILQLWLRQV DQG
H[DPSOHV RI RSWLPDO RSHUDWRUV RI YHULILFDWLRQ %DVLQJ RQ
WKHVH WKH PHDVXUHPHQW SURFHVV VKDOO EH GHVLJQHG %HORZ
SRVVLELOLWLHV RI WKHLU UHDOL]DWLRQ LQ &00 VRIWZDUH DUH
GLVFXVVHGRQDIHZH[DPSOHV
7KHPHDVXUHPHQWVRI IRUPGRQRWEHORQJ WR WURXEOHVRPH
7KH SURELQJ VKDOO EH FDUULHG RXW LQ VLJQLILFDQW QXPEHU RI
SRLQWV GLVWULEXWHG XQLIRUPO\ RU TXDVLUDQGRPO\ DQG IRU
FDOFXODWLRQ RI WKH GHYLDWLRQ WKH PLQLPD[ FULWHULRQ XVHG
2SHUDWRUQHHGWRNHHSLQPLQGWKDWIRUPGHYLDWLRQVSUHVHQWHG
E\ GHIDXOW LQ WKH &00 VRIWZDUH PD\ EH HVWLPDWHG E\
DSSO\LQJGLIIHUHQWDVVRFLDWLRQFULWHULRQ
7KH SHUIHFW YHULILFDWLRQ RSHUDWRU IRU RULHQWDWLRQ GHYLDWLRQ
LV SUHVHQWHG RQ WKH H[DPSOH RI SHUSHQGLFXODULW\ RI D[LV LQ
UHJDUGVWRSODQH)LJ


)LJ([DPSOHVSHFLILFDWLRQRISHUSHQGLFXODULW\WROHUDQFHRID[LVLQUHJDUGV
WRSODQH
7RHYDOXDWHSHUSHQGLFXODULW\GHYLDWLRQRID[LVLQUHJDUGVWR
SODQHDQXPEHURIWKHD[LV¶VSRLQWVLVQHFHVVDU\DWOHDVWLQ
RUGHU WR FRQVLGHU WKH D[LV VWUDLJKWQHVV GHYLDWLRQ DQG WKH
GDWXPSODQHLHWDQJHQWLDOSODQHFDOFXODWHG IURP WKHVXUIDFH
SRLQWV ,W¶V ZRUWK WR PHQWLRQ WKDW LQ &DO\SVR VRIWZDUH WKH
JHRPHWULFDO HOHPHQWV ZKLFK DUH XVHG DV GDWXP IHDWXUHV DUH
UHFDOFXODWHG LQWR WDQJHQWLDO IHDWXUHV HYHQ LI SDUWLFXODU
JHRPHWULFDOHOHPHQWZDVPHDVXUHGZLWKGLIIHUHQWFULWHULD
)RUWKHFRUUHFWHYDOXDWLRQRIWKHWDQJHQWLDOIHDWXUHVSURELQJ
VKDOO EH FDUULHG RXW VLPLODUO\ DV IRU HYDOXDWLRQ RI IRUP LQ
VLJQLILFDQW QXPEHU RI SRLQWV GLVWULEXWHG XQLIRUPO\ RU TXDVL
UDQGRPO\7KHSRLQWVRI WKHD[LVDUHGHULYHGDV FHQWUHSRLQWV
RI*DXVVLDQFLUFOHVPHDVXUHGLQFURVVVHFWLRQVRIWKHF\OLQGHU
)RU WKH RULHQWDWLRQ GHYLDWLRQV LW LV LPSRUWDQW WR FRUUHFWO\ VHW
WKH HYDOXDWLRQ OHQJWK RI WKH IHDWXUH ,I WKH XVHU GRHV QRW
VSHFLI\ LW WKH VRIWZDUH XVXDOO\ HVWLPDWHV WKH OHQJWK IURP WKH
GLVWULEXWLRQRIWKHSURELQJSRLQWVRUIURPWKH&$'PRGHOLI
LW¶VXVHG
3HUIHFWYHULILFDWLRQRSHUDWRULVIROORZLQJ
x PHDVXUHWDQJHQWLDOSODQHRQWKHVXUIDFHGHVLJQDWHGDV
GDWXP
x PHDVXUHF\OLQGHUZLWK*DXVVLDQDVVRFLDWLRQFULWHULD
x PHDVXUHFLUFOHVLQFURVVVHFWLRQVSHUSHQGLFXODUWRWKH
F\OLQGHUD[LVFHQWUHSRLQWVDUHSRLQWVRIWKHD[LV
x FDOFXODWHWKHSHUSHQGLFXODULW\GHYLDWLRQDVPLQLPXP
GLDPHWHURIDF\OLQGHUSHUSHQGLFXODUWRWKHGDWXPSODQH
DQGLQFOXGLQJDOOSRLQWVRIWKHD[LV
$VLPSOLILFDWLRQRIDERYHSURFHGXUHFRQVLVWLQJRQRPLWWLQJ
WKH VHFRQG VWHS PHDVXUHPHQW RI F\OLQGHU DQG FDUU\LQJ RXW
WKHPHDVXUHPHQWRIWKHFLUFOHVLQSODQHVSDUDOOHOWRWKHGDWXP
VKRXOG QRW LQIOXHQFH WKH UHVXOW VLJQLILFDQWO\ $QRWKHU
VLPSOLILFDWLRQZKLFKLVYHU\RIWHQDSSOLHGE\&00RSHUDWRUV
LVWRUHSODFHWKHPHDVXUHPHQWVRIFLUFOHVZLWKPHDVXUHPHQWRI
*DXVVLDQF\OLQGHULHDVVXPLQJWKHVWUDLJKWQHVVRIWKHD[LVLV
QHJOLJLEOH7KLVPD\EHVRXUFHRIDQHUURU
3RVVLELOLWLHVIRUWKHYDOLGDWLRQRIWKHVRIWZDUHRSWLRQV
'XH WRQHFHVVLW\ RI XQDPELJXRXV VSHFLILFDWLRQ RI SURGXFW
JHRPHWU\ DQG LPSOHPHQWDWLRQ RI FRUUHFW YHULILFDWLRQ
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SURFHGXUHVFRRUGLQDWHGDFWLRQVRIPDQ\FRQFHUQHGSDUWLHVDUH
UHTXLUHGLQSDUWLFXODU
x VRIWZDUHVXSSOLHUVKDYHWRXSGDWHDQGLPSURYHWKH&00
VRIWZDUHIXQFWLRQVWKDWHQDEOHRUIDFLOLWDWHWKHUHDOL]DWLRQ
RISHUIHFWYHULILFDWLRQRSHUDWRUVIRUWKHJHRPHWULF
FKDUDFWHULVWLFVRIPDFKLQHSDUWV
x VRIWZDUHVXSSOLHUVVKRXOGSXEOLVKRUJLYHGHWDLOHG
GHVFULSWLRQRQWKHDOJRULWKPVXVHGLQWKHVRIWZDUH
x XVHUVDQGRUWKLUGSDUWLHVVKRXOGYHULI\WKHFRUUHFWVRIWZDUH
SHUIRUPDQFHDVLWWDNHVSODFHIRUOHDVWVTXDUHVDVVRFLDWLRQ
DOJRULWKPV
x UHVHDUFKRQWKHWUDLQLQJQHHGVLQWKHILHOGRI*36DQG
FRRUGLQDWHPHWURORJ\KDVWREHFDUULHGRXWWKHVHDUH
PXWXDOO\FRPSOHPHQWDU\ILHOGV±NQRZOHGJHRQERWKRI
WKHPLVQHFHVVDU\IRUGHVLJQHUVPDQXIDFWXULQJHQJLQHHUV
DQGPHWURORJLVWV
x PHWURORJLVWVVKRXOGGRFXPHQWDSSOLHGPHDVXUHPHQW
VWUDWHJ\ZLWKXVHRIQHZ*36WRROVDQGSDVVWKLV
LQIRUPDWLRQWRGHVLJQHUVWRXSGDWHWKHWHFKQLFDO
GRFXPHQWDWLRQ
&RQVLGHULQJWKHIDFWWKDWVRIWZDUHVXSSOLHUVGRQRWSURYLGH
HQRXJK GHWDLOV RQ WKH VRIWZDUH DOJRULWKPV RQH VKRXOG WDNH
LQWR DFFRXQW YHULI\LQJ WKH VRIWZDUH XVLQJ WKH DYDLODEOH
IXQFWLRQV RI WKH VRIWZDUH ,Q PDQ\ FDVHV LW LV SRVVLEOH E\
PHDQV RIPHDVXUHPHQW VLPXODWLRQZLWK DSSURSULDWHO\ FKRVHQ
GDWD IRU ZKLFK WKH UHVXOW FDQ EH HVWLPDWHG RXWVLGH WKH
VRIWZDUH 7KLV VROXWLRQ KRZHYHU VKRXOG EH FRQVLGHUHG DV
ODVW
&RQFOXVLRQV
7KH SDSHU LQGLFDWHV D SUREOHP DQG SUHVHQWV LQFRPSOHWH
DQDO\VLV RI SRVVLELOLWLHV DQG QHHGV LQ UHJDUG WR WKH &00
VRIWZDUH ,QDXWKRUV¶ RSLQLRQ WKHUH LV DQXUJHQWQHHG WR VWDUW
ZLGHU DFWLYLWLHV HJ D (XURSHZLGH SURMHFW FRRUGLQDWHG E\
LQVWLWXWLRQ ZKLFK LV LQGHSHQGHQW IURP WKH &00 VRIWZDUH
VXSSOLHUV HJ 37%13/7KH SURMHFW VKRXOG EH VLPLODU WR
WKHRQHOHDGE\37%LQWKHSDVW>@ZLWKLQZKLFKHYDOXDWLRQ
RIDVVRFLDWLRQDOJRULWKPVIRUJHRPHWULFDOIHDWXUHVZDVFDUULHG
RXW 7KH WHVW UHVXOWV KDYH VKRZQ VLJQLILFDQW HUURUV LQ
FDOFXODWLRQDOJRULWKPVRIGLIIHUHQWPDQXIDFWXUHV7KHSURMHFW
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